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United States Patent Office Secrecy Order

NOTICE

The Aerojet-General Corporation has filed patent applications in the U. S. Patent Office to
cover inventions disclosed in this publication, and the Commissioner of Patents has issued a
secrecy order thereon.

Compliance with the provisions of this secrecy order requires that those who receive a
disclosure of the secret subject matter be informed of the existence of the secrecy order and of
the penalties for the violation thereof.

The recipient of this report is accordingly advised that this publication includes information
which is now under a secrecy order. It is requested that he notify all persons who will have access
to this material of the secrecy order.

Each secrecy order provides that any person who has received a disclosure of the subject
matter covered by the secrecy order is

“in nowise to publish or disclose the invention or any material information,

. . . . . . . .
with respect thereto, including bitherto unpublished details of the subject
matter of said application, in any way to any person not cognizant of the
invention prior to the date of the order, including any employee of the prin-
cipals, but to keep the same secret except by written permission first obtained
of the Commissioner of Patents.”

Although the original secrecy order forbids disclosure of the material to persons not cognizant
of the invention prior to the date of the order, a supplemental permit attached to each order does

permit such disclosure to: . .

"(a) Any officer or employee of any department, independent agency, or bureau 0

of the Government of the United States.

"(h) Any person designated specifically by the bead of any department, inde-
pendent agency or bureau of the Government of the United States, or hy
his duly authorized subordinate, as a proper individual to receive the
disclosure of the above indicated application for use in the prosecution
of the war.

"The principals under the secrecy are further authorized to disclose the
subject matter of this application to the minimum necessary number of persons
of known loyalty and discretion, employed by or working with the principals
or their licensees and whose duties involve cooperation in the development,
manufacture or use of the subject matter by or for the Government of the
United States, provided such persons are advised of the issuance of the
secrecy order.”

No other disclosures are authorized, without written permission from the Commissioner of
Patents. Public Law No, 239, 77th Congress, provides that whoever shall "willfully publish or
disclose or authorize or cause to be published or disclosed such invention, or any material
information with respect thereto,” which is under a secrecy order, "shall, upon conviction, he
fined not more than $10,000 or imprisoned for not more than two years or hoth.” In addition,
Puhlic Law No. 700, 76th Congress, provides that the invention in a patent may he held aban-
doned, if it be established that there has been a disclosure in violation of the secrecy order.

It must be understood that the requirements of the secrecy order of the Commissioner of
Patents are in addition to the usual security regulations which are in force with respect to
activities of the Aerojet-General Corporation. The usual security regulations must still he
observed notwithstanding anything set forth in the secrecy order of the Commissioner of Patents.
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ABSTRACT
L ""'__—-—‘ .

-

Difluoramine (in sulfuric acid) was added to the double bonds of acrylic -

acid and methyl vinyl ketone. The latter addﬁct was cohverted to tris(dif}uor-

amino)butane. Cyclic NF compounds were formed.from 5-hexene-2-one.énd ?-methyl-

-nitro-2-hexanone. Acetylene underwent the addition of two moles of difluor-
amine. In the case of propargyl chloride, the product was identical to that

prepared from chloroacetone.

L 4

Ethyl N-fluorocarbamate formed a stable anion, which was converted to the
N-methyl, N-chloro, and N-bromo derivatives. N-Fluorimino dicarboxylic acid

diethyl ester was formed by the reaction of this anion with ethyl chloroformate,
N-bromo-N-fluorocarbamate, or dichlorofluoramine. Dichlorofluoramine was formed’ )

from the reaction of sodium hypochlorite with ethyl N-fluorocarbamate, ethyl
N-chloro-N-fluorocarbaméte, or N-fluoriminodicarboxylate. Butyl N,N-difluoro-
carbanate was prepéredfby a fluorination in ethylene dichloride.

Side products in the aqueous fluorination of urea were identified as biurea

and azodicarbodiamide,
[ 2

An unsteble product was obtained from the reaction of tetrafluorchydrazine

with dichlorofluoramine.

Page i1
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. acid have produced gem-difluoramines, although cyclic difluoraminoethers or
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I, INTRODUCTION

The objective of this work is to develop new methods of preparing high-
energy materials which are of interest for military applications.

II. TECHNICAD DISCUSSION

A.  REACTIONS® OF DTFLUORAMINES (K. Beum)

1. Discussion . o
[ ]

The ree.ctions of severa.l ketones with difluora.mine in sulfurice
*
lactones were, formed from some lietones with oxygen-containing functional groups.
‘I‘his investigation was continued, with emphasis on determining the effects of
i’unctional groups and unsaturation on the reaction.

Tertiary al’ql difluoramines have been prepared previously by
the rcaction of difluore.mine in sulfuric acid with olefins capable of forming
tertiary carbonium 1ons, although the analogdus compounds were not formed from
olefir.us capable of forming secondary carbqnium 10ns.iﬁe It might therefore be
possible tor selectively react the.ca'.rbonyl of an unsdturcted ketone to form a
gem-difluoramino olefin. '

When 5-hexene-2-one was used as the starting material, this

course was not followed. The product was soluble in concentrated sulfuric acid,

‘and wos ‘isolated by quenching the acid with ice. The elemental analysis indicated

the structure 2, 5-dimethyl-2- (difluoramino)tetrahydromran. The infrared spec-

trum (Figure 1) was similar to that of 2,5-bia(difluoramino)-2,5-dimethyltetra-
W

hydrofuran. The reaction apparently proceeds by protonation of the

*Aerojet General Report No. 0235-01-10, 14 April 1961 (Confidential). .
Rom and Haas Co., Quarterly Report on Synthetic Chemistry, Part II,

xxx18 November 1960, p. 23 (Confidential).
Aerojet-General Report No. 0235-01-10, 14 April 1961, Fig. 7 (Confidential).

Page 1
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II Technical Discussion, A (cont.) ° Report No. 0235-01-11

olefin, followed by cyclization'and:attack on difluoramine:

+
H
CH =CHCH20H "CH3 —_—) CHECHCH2032§C .
0 ) 0
CH. - CH CH, - CH
e 7 ~ w | 2 | e | 2 ‘ e

CHB-CH C - CH, &—— CHB-CH c-C

A ’ \/®
- 0

The reaction of methyl vinyl ketone with difluoramine in
sulfuric acid has yielded tris(difluoramino)butane. Tae infrared spectrun of
this product is shown in Figure 2. Whdh an insufficient amount of difluoramine
was used, however, = product w=s formed which retained the infrared carbonyl band
of the starting material, but lost the olefin band. Taus, the first step appeors
to be an acid-cntalyzed Michoel addition followed by the renlacement of the
ecarbonyl. . k.

+
CH. = CH - € - CH, ——y CH =CH-C -CIL

I ) 2 \ D
0 OH

2

HNF 1
_ _ oy 2. .- O O
NF20H20H2 = (II C‘Lj — & CH2 CH-(i! Cr[3

OH OH

HNF NF2

NFQCH CH CC!*l3 —————-) NF CH2CH2(':CH3

F
0 N >
The initlally formed carbonium ion would react with difluoramine to give

predoninately the terminally substituted product, since eddition to the carbon
containing the hydroxyl groun should be rapidly reversible,

° Page 2
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II Technical Discussion, A (cont.) Report No. 0235-01-11

This mode of addition\was confirmed for the acid-catalyzed
addition of difluoramine to acrylic acid to give B-(difluoramino)propionic acid.
The infrared and proton NMR spectra* are ‘shown in Figure 3. The F‘;L9 NMR spectrum
gave the expected triplet due to coupling with the adjacent CH

2 :
by N° quadruple interaection. B

group broadened

“)
+ i
CH, = cncooa-—g——-) CH, = CH - (.: - OH

2 2

‘I OH
NF_CH CH_COOH é——S— @, CH, - CH = C - OH
27272 2 1

y OH

. Previous attermpts to prepare gem-difluoramines from poly-
nitroltetones were unsuccessful.** The investigation has now been extended to
mononitroketones. 5-Methyl-5-nitro-2—hexanone*** undervvent a novel denitration
reaction to give 2,5,5-trimethyl-2—(difluoramino)tetrahydrofuran. This produci
was identified by enalysis and by its infrared spectrum (Figure 4) which is
similar to those of the other -(difluoramino)tetrahydrofurans which were
prepared in this study. This reaction probably took place by the protonation of
theritro group followed by the loss of nitrous acid, possibly with assistance
by the carbonyl:

*
We are indebted to Dr. D. I, Moore, U.S. Naval Ordnance Test Stetion,
Chlna Lake, California, for the NMR analysis.

Acrojet General Report No. 0235-01-10, 14 April 1961 (Confidentigl)
***4. Schechter, J. Am. Chem. Soc., T4 3664 (1952).

Page 3
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II Technical Discussion, A (cont.) Report No. 0235-01-11
g
(c113)2 C CH, CH, c cn3 (cx-r3)2 ?'.cua CH, :: CHB
Nog 0 ng 0
Hﬁ/ .0
° ?Ha - ?He ]
¢ - CH, & (cn) ¢ CH, CH, ccnjnmo
x-/ N@ J e
@ . 0
.lm“'a : . R
Ena - ?Ha .
CH, - C - CH.
>~/ N/ \ J .
CH, 0 :
bl 2

Whren 'S-nitro-a hexonbne* was used as the starting mate.rie.l
this reaction was not observed. The infrared spectrum of the nroduct showed NF
and nitro bands, but only a trace of carboryl. The boiling point (514 /0.1 mm)
was close to that of the starting material (65 /0.08 'nm), as has been found to
be the case for most gem-difluorcmines derived from ketones. The product of the
preceding reaction, on the other hand, distilled at 50 /19 mm. Vapor-phase
chromatography 1ndicated that the sample contained 25% of the starting material.
An *atter.rpt to obtain an snalytieal sarmple by this method gave an unstable
material. This work will be reneated in order to determine vhether the product
is the desired gem-difluoramino nitro compound. ’

The reaction of propionaldechyde with difluoramine in sulfuric
acid previously gave a mixture of 2, @'-bis(diflura.m:ino)propyl ethet and 1,1-
*
bis (Aifluoramino)propane.

Ibid.
¥*¥
fAerojet-General Report No. 0255-01+10, 14 April 1961, p. 9 (Confidential).

Page b
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II Technical Discussion, A (cont.) Report No. 0235-01-11

L4

WF, i F, IF5

| 2
CH30H20HO @o—h——) CH3CH2?H + 0115(:!!2 H-ocncnacx%
NF
2

The relative amounts of these products depended on the amount of sulfuric acid
used. This reaction has been repeated, using fuming sulfuric acid instead of
the 95¢) reagent, and the product consisted almost entirely of the gem-difluoramine.

The reactions of paraformaldehyde or trioxane with HNF2 in
sulfuric acid have given ¢, C'-bis(difluoramino)methyl ether rather than bis-
(difluoramino)nethane.* However, the importance of the acid in determining
the course of the reac.tion with propionaldehyde suggested that fuming sulfuric
acid would be a more satisfactory reagent than concentrated acid for preparing
bis(difluoremino)methane. A scouting experiment on this reaction did not
produce the difluoraminocether. A gaseous product was formed with strong infrared
peeks at 10.0 and 10.4 p, peaks which are usually found in gem-difluoramines.
This product has not yet been isc?lated in pure form.

The reaction of chloral hydrate with difluoramine in concen-
trated sulfuric acid did not give = product insoludble in the acid. The infrared
spectrum of the material that was isolated after water-quenching suggested o
mixture of the starting material and the alcohol derived from the addition of

~ difluoremine to the carbonyl.

A nev reaction for the synthesis of NF compounds is the acid-
entolyzed sddition of difluoramine to acetylenes. This reaction was carr;led out
in the same manner as the reaction of difluoramine witl carbonyl compounds in
sulfuric acid. Both l-hexyne ond 3-hexyne gave bis (aiflvoramino)hexanes, as
showin by elemental analysis. The direction of these additions is not knopm,
inasrmch as the results of NMR analyses are not yet available.

*

uarterly Progress Report on Synthetic Chemistry, Rohm and Haas Co., Report
No. P-60-24, Pt, II, 15 February 1961, p. 5 (Confidential); Aerojet-General
Report No. 0235-01-10, 14 April 1961, p. 9 (Confidential).

Page 5
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IT Technical Discussion, A (cont.) Report No. 0235-01-11

°

In order to test the possibility that the addition of HNF2 to

acetylenes proceeds through the hydration of the triple bond to give a ketone
o control experiment was carried out. 3-Hexyne was treated with sulfuric aciad

under approximately the conditions used for the HNF2 reactions. A 50% yield

of 3-hexanone wes isolated. Although this result suggests that the HNF'2 addition

follows the hydration of the triple bond, the possibility that the direct

addition of HNF2 to the triple bond takes place at a faster rate than hydration
cannot be ruled out.

The addition of HNF2 to propargyl chloride has also been accom-

plished. The product was l-chiloro-2, 2-bis(difluoramino)propene which was identical
*
with the product previously obtained from chloroacetone.

HIF, s
HC = G CH, C1 —p5 CH, C OH, C1
2L
NFy

1, 6-Heptadiyne gave a complex high-boiling product which
showed infrared asbsorption due to NF, as well as carbonyl and hydroxyl groups.
Phenylacetylene gave a vigorous evolution of gas when it was added to difluoramine
and sulfuric acid. No product vas isolated.

The reaction of furans with difluoramine in sulfuric acid was
also undertaken as an extension to the addition of difluoramine to unsaturated
corpounds. 2, 5-Dimethylfuran yielded o material with a very simple infrared
spectrun (Figure 5). The reletively weak absorption in the range from 7.5 to
9.5u suggests Lhe sbsence of on ether linkage. However, the analytical results
thet have been obtained cannot be rationalized. Two attenpts to use furan as
the storting material resulted in explosions after the addition of the first
drop to the mixture of difluoremine and sulfuric acid.

The acid-catalyzed reactions of several ketoacids have been
carried out, although analytical data was not obtained because the products

*
Aerojet-General Report No. 0235-01-10, 14 April 1961, p. 12 (Confidential).

Page 6
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II Technicel Discussion, A (cont.) . Report No. 0255-01-11

presented difficult problems in purification. However, the infrared spectra
indicated that N-F-containing acids were formed from pyruvic acid, 2-ketoglutaric

acid, and 5-ketohexanoic acid.

The preparation of the Ee_x_n-diﬂuoramine from propionaldehyde
using fuming sulfuric acid as the solvent suggested that the cyclic ethers end
lactones formed in other reactions using concentrated acid might also be con-
verted to the gem-difluoramines with the fuming acid. The reactionaof levulinic
acid, vhich previously gave 4-(difluoramino)- 7-valerola.ctone, vas therefore

repected using fuming sulfuric acid. A 75% yield of the lactone was obtained.

2. _@_’gerimental
2. 2, S-DimethSrl- 2= (Difluoramino)tetrahydromran

o & The genero.l nrocedure used for the difluommine reactions
*
was desgribed, ’previously

Approximtély 7 g of difluoraminé vas generated and
allowed to reflux over 3.45 g (0.025 mole) of 5-hexene-2-one. After reﬂuxing
began, reaction exotherm raised the temperature from Ut to 50 C. After the.
temperature again dropped to o° F 15 ml of concentrated sulfuric acid was added
dropvise. After 4.5 hr- the 'difluora.mine M08 removed.. and the homogeneous acid
solution was poured over 150 r"l of cracked ice. A heavy oil separated, and the
aquepus . nixture was extracted with four SD-ml portions of methylene chloride

and ‘the methylene solution was dried over sodiun.x sulfate and distilled. The
residue, 3 g, was.vacuumsdistilled to yield 2.6 g (0.0172 nole, 69% yield) of
2, 5-dinethyl-2- (diﬂuoramino)tetrahydromran, vp 34° C/8 mm; nD 1. 39"{0.

Ana.l. cnle'd for CGHllNFQO

5 c, 47.7; H, 7.29; Ny 9.28 .

Found: c, 47.6; H, 7.17; N, 9.61.° .

" .
Aerojet-General Report No. 0235-01-10, 14 April 1961, p. 6 (Confidendial).
*¥
Aerojet-General Report No. 0235-01-10, 1k April 191, p. 10 (Confidential).
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II Tecinical Discussion, A (cont.) . Report No. 0235-01-11

b. - (Difluoramino)propionic Acid

To a refluxing mixture of 8 g of difluoramine and 15 ml
of concentrated sulfuric acid was added dropwise 40 g (0.0546 mole) of acrylic
acid stabilized with methylene blue. After 2 hr, the solution was poured over
ice, and the product was extracted with methylene chloride. The methylene
chloride solution was dried over sodium sulfate and distilled to yield 4.6 g (67%
yield) of p-(difluramine)propionic acid, bp 57-60°C/1 mm; n§5 1.3899,

Anal, ccle'd for C3H5NF2O:

c, 268.8; H, bo; N, 11.2

Pound: C, 25.8; H, 4.28; N, 11.2.

c. Tris (aifivormmine )propane

To e refluxing mixture of 6 g of .difluoramine.and 20 wl
of sulfuric acid was. added dropwise 2,0 g (0.26 mole) of methyl vinyl ketone.
The lietone dissolved initially, and after 2 hr an o_ra:nge layer.began to-sepa:rate.
After another 2 hr, thé excess difiuoramine was remqw'/ed,.and the product was
vacuum-transferred into a_-80°C trap at 1 mm Hg. Distillation then gave 0.6 g
of tris (difluoramino)prt.:pane, bp 58°C/38 m. An analytical sample was prepared
by vapor -phase chro'mtograpﬁy. ' ¥

Anal. calc'd for-ChiL,N3F6

C) 22'7h; H} 3-51; N, 19'm

Found: "C, 23.1; H, 3:51; N, 19.90.

d. 2,5, 5-Trimethyl-2-(difluoraiino)tetrahydrofuran

To o refluxing solution of 4.5 ml (0.03 mole) of 5-nitro-
5-methyl-2-hexanone and 8 g of ‘difluoramine was added dropwise 15 ml of concen-
trated sulfuric acid. The terperature of the solution was maintained between
-30 end -20°C by vartial immersion of the stirred reactor in a -80°C bath.
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Refluxing was then continued without external cooling for 3 hr. The reactor

vas then cooled to 0° while the excess difluoramine was swept out by a.nitrogen

stream. The solution was poured over 200 ml of ice. A colorless liguid

separated, and the mixture was extracted with four 50-cc portions of methylene

chloride. The extracts were combined, washed with distilled weter, and dried

80 hr over Drierite. The solution was filtered and tie solvent distilled off,

yielding a reddish-brown liquid vhich was vacuum-distilled at 50-51.5°C/18.5-19 mm

to yield 3.3 g of colorless iiquid. .Vapor-pha.se chromatography indicated that

the sample consisted of two components in the ratio 9:1. The major component

was scparated and submitted for elemental analysis.

Anel. calec'd for C7H15NF20:

C, 50.9; H, 7.98; N, 8..8
Found: ¢, 50.8; H, 7.85;°N, 8.57.

e. Reaction of B-Hexyne with Difluoramine - .

To a refluxing mixture of T g of difluoramine and .15 ml

‘of concentrated sulfuric acid, 2.05 g (0.025 mole) of 3-hexyne was added dropwise.

The reaction was highly exothermic, and external cooling vas necessary during

the o,ddition, in order to keep the temmerature at 15 to -20%¢. An upper layer
separated from the sulfuric aci& Aftér 4 hr, the excess difluoramine was .’ ¥
removed, and the product was v"cuum-tra.nsferred into =2 -80 c tmﬁ at l mn Hg.

The product consisted of 1.3 g of colorless liquid. Thae vo.nor-phase ch:om-
tograph indicated that the sample consisted of 94% adduct ond 6% 3-hexyne; an -
analyticnl sample was prepared with this tool.

- Anal. cale'd for CGHIZNQFh

C, 38.26; H, 6.hl; N, 14.88
Found: C, 37.6; H, 6.%0; N, 1L.76.
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f.  Reaction of 3-Hexyne with Sulfuric Acid

3-Hexyme (1.0 g, 0.0122 mole) was added dropwise with
stirring to 15 ml of concentrcted *sulfuric acid at -8°C. Solution occurred .
slowly vith darkening. The acid solution was allowed to stand at ambient temper-
ature for 2 hr and then was poured over 150 ml of ice. The ice was allowed to
melt, ond the resulting mixture was extracted with four 50-ml portions of
methylene chloride. The combined methylene chloride layers were washed with
50 ml of water and dried over sodium sulfate, and the solvent was distilled off
Distillatton of the residue gave 0.6 g (0.006 mole, L9% yleld) of 3- hexanone,
bp 124°, n.D 1.3994.

g.  Reaction of 1-Hexyne with Difluoramine

1-Hexyne (1.03°g, 0.013 mole) was added dropwise t0
8 ml of concentrated sulfuric acid and T g of: difluqrtmihe at- reflux. After
2.5 hr, the excess difluoramine was removed, and the nroduct which formed
separate layer over the sulfuric acid, vas vacuum-transferred into a -80% trap *
at 1.5 mm Hg. The product, 0.8 g, was shqyn to be a ginglg:compound by.vapor-

phase chromatography:
Anal. cale'd for C6leN2F2;:.
c, .38.%6; H, é.hh; N, 14.88
Found: *c, 38.20; H,- Gulb; N,. b3,

h.  1-Chloro-2, 2-bis(difluoramino)propane

To a refluxing mixture of 8 g of difluoramine and 15 ml.
of concentrated sulfuric acid, 1.87 g (0.025 mole) of promargyl chloride was
added dropwise. After 3 hr of reflux, the excess difluoramine wag removed and
the product was transferred at 90 mm into a -80°C tran to give 0.2 ml of 2
colorless liquid after difluoramine was removed by flushing with nitrogen. The
infrared spectrum was identical to that of 1-chloro-2,2-bis(difluoramino)propzne

*
which was prepared from chloroacetone. .

®
* \erojet-General Report No. 0255-01-10, 1l April 1961, Figure 5 (Confidential).
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i. Reaction of 2, 5-Dimethylfuran with Difluoramine

To a refluxing mixture of 8 g of difluoramine and 15 ml
of concentrated sulfuric acid was added dropwise 2.4 g (0.025 mole) of 2,5-
dimethylffran. The reaction wos highly exothermic, requiring carefully controlled
addition. A separate dark-red layer was present immediately after the addition,
but dissolved s.lowly. A low-boiling red liquid refluxed with the difluoramine
but was slewly swept out by the nitrogen stream. After 2 hr the excess difluor- -
amine was removed and a separste layer which had again form.d vas vacuum-
transferred at'l mm Hg into a -80°C trap.

Anal:,°found: o)) 32 9, 32.6; H 6. 01, 6.27;
' N, 15.69; 15.57;

‘B. PREPARATION AND RE:ICTIONS OF N-FDJOROCARBIMAT!-SS (v. Gral.(auskas,)
1. . Discussion : . . 9

Ethyl N-fluorocarbamite has been. prepared by the fluorination
of ~queous ethyl, carbamate., A study of the properties of this interesting
compound +i8 now 'being made. )

. * The NMR spectru.m *of this compound 18 consistcnt with the
assigned strgcture It is. 1nteresting that the NF resonance is high field from
trifl.uoroace"tiiz acid. The position of ‘the NH compares with that in nitramines.
It was found that éthyl N-fluorocarbamate could be dissolved in aqueous alkali

"2t 0-10°C without ‘decomposition and ‘could be recovered on acidificetion. This

is the first example of a stable NF anion. The infrared and NMR spectra are
shown in Figures.6 and 6a.

OH
. . CHOCNHF———# CHOCNF
.. 250 25y ©

0 0

*\erojet-General Corp. Report No. 0371-02-3 (Quarterly), High-Energy Qxidizer
Binders for Solid Propellants, 14 October 1960 (Confidential).

**we are indebted to Dr. J. P. Freeman, Rohm and Haas Co., for the NMR analysis.
L ]
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The sodium salt of ethyl N-flourocarbamate reacted readily ot
S-lOOC wvith dimethyl sulfate, and the product of‘this reaction was identified ns
ethyl N-fluoro-N-methylcarbamate. This compound was also prepared in low yleld
by direct fluorination of squeous ethyl N-methylcarbamate:

c
@ NFCoCH woi-) CHNFCO,C

25 25

(1,0)
CH,NHCOOC H + F, — CHNFCOOC i,

29
) The: sodium salt of ethyl N-fluorocarbamate reacted with
chlorine and bromine to give the corresponding Nschloro end N-bromo derivatives.
Both conpounds were obtained in good yields and their structures were ponfirmcd
by elemental nnalysis. It i° interesting to note that, eycept for very slight

. differenée in the 12-13p range, the infrared spectra of ethyl N-chloro-N-fluoro-

and ethyl N-bromo-N-fluorocarbemte are identical (Figures 7 and 8).

The sqdium-salt‘of 9thy1 N-fluorocarbamate also reacted with
ethyl chloroformate in aqueous solution to givé N-fluorimino didarboxylic acid

& (},0)

Na & NFCOOCH + C1C00C Hy — s NF(COOC sk

The product 2 high-boilihg yellow oil was isolated ard identified on the
basis of its infrared spectrun (Figure 9) and.elemental analyses. N-Fluorimino
dica%boxylic acid diethyl ester was olso obtained as o side product in the

walogenntion of the sodium salt of etnyl N- fluorocarbamnte.

Attempts to synthesize N,N'-difluorohydrazodicarboxylate by
reacting the sodium salt of ethyl N-fluorocarbamate with ethyl N-bromo-N-
fluorocarbamate led to the formation of N-fluorimincdicarboxylate:

O

® |
Na'¥ NFCOOCH  + BrNFCOOC,H, ) WP(COOC He),

2 Page 12
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Similarly, the N-fluoriminodicarboxylaté was produced in the
reaction between dichlorofluoranine and the sodium salt of ethyl N-fluorocar-
bamate:

\-

. CLNF + 2Na wcoocn —— NF(COOCH,),

In this latter case the objective was to synthesize perfluorotriazenedicarboxy-

late, m~‘(1~rr-c<)oc2 5) o

' +Results of the latter two experiments seem to suggest that
bota N, trv-aifluorohydrazo- and nerfluorotriaaenedicarboxylaue are unstable
reaction intermediates and unuergb decomposition in an aqueous medium with the
formation of N-fluoriminodicaroowylate. Considerable amounts of carbon dioxide

and nitrous oxide (v 0) were produced in these reactions.

Attempts tp nitrwte cthyl N-fluorocarbamate with ethyl nitrate
in concenttated sulfuric ucid with the objective of syntnesizing ethyl N-flporo-
N-nitrocarbamate,* failéd to give the desired product. Instead a vigorous P
evolution of gaseous products took place, which vere identified as carbon dioxide
and nitrous-oxide

.ot s . H SO
NHFCOOC H. + C_H OHO -———-Ji—§ NJO + CO

. " 25 25 2
Although aqucbué'sodium N-fluorocarbamate was relatively .

stable at low temperatures, it undervent spontaneous deconposition when it wos
allo\ed to warn up to 20- 25 C. The decomposition was nigyly exothermic, and n
water-insoluble colorless liquid seﬁarated from the reaction mixture during the
course of the reaction. This material has not yet been identified, but its
infrared spectrum suggests that the compound is a carbamate. However, it is
not one of the expected decomposition products: hydrazodicarboxylate,
azodicarboxylate, iminodicarbtociylate, or diethyl oxalate.

Page 13
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In addition to the high-boiling liquid, small amounts of
gaseous materials were produced during the decomposition of agueous sodium
N-fluorocarbamate. These were identified by infrared spectrum as a mixture of
carbon dioxide and ethylene. The latter is apparently produced from the ethyl
group of the carbamate. Still another product of this reaction, sodium fluoride,
wvas isolated and identified.

The first sten of the decomposition of the sodium salt of ethyl
N-fluoro-carbamate may involve the elimination of fluoride anion with the forma-
tion of a birndienl:

HOO

Na@%coocxi —2 % :NCOOC.H. + NaF
2’5 T A ; 2's5 .

ool

The expected dimerization product of the biradieal, azodicarboxylic acid ester

was not found.

Several preliminnry a%tempts have been made to explore the
uses of ethyl N-fluorocarbamate and N-fluoriminodicarboxylate as fluorinating .
agents. In one experiment, ethyl N-fluorocarbamaie vas reacted with.naphthalene
in concentrated sulfuric acid, with the objective of synthesizing 1-fluoro-
naphtholene. This reaction would parellel the brominhtion of’naphthalene with
N-bromosuccinimide.. No reaction‘was observed at 0-2090: When the mixture was
warmed to 50:5500, the solid n~phthalene gradually dishppeareh. However, when
the reaction mixture was poured on ice, a clear solution reéulied, suggesting
that nnphthalene was sulfonated rather than fluorinated: Furthermore, the
aqueous solution possessed strong oxidizing properties, znﬁ ethyl N-fluoro- °

carvamate was recovered on extraction with methylene chloride.

Another nttempt has been made to use N-fluorocarbamate for NF

fluorination. A mixture of etiyl N-fluorocarbamate and ncetamide was heated
to 90—95°C and kept at this termerature for a period of 'several hours. The
expected N, N-difluoroncetamide was not obtained in this reaction, and at the

end of the run large amounts of unreacted N-fluorcearbamate were isolated.
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One unsuccessful attempt was also made to use N-fluorimino-
dicarboxylate as a fluorinating agent. An equimolar mixture of the material and
naphtiiclene was kept at 90-95°C for T hr without any cpparent reaction.

Both N-chloro-N-fluoro- and N-bromo-N-fluorocarbamates are
useful as intermediates for tlic preparation of NF compounds. Thus, ethyl
N-chloro-N-fluorocarbamate reacted instantaneously with sodium hypochlorite to
give dichlorofluorrunine:

CINFCOOC H, + NaoCl ———3, CLNF + CO,

p)
Dichlorofluoramine has been previously synthesized by the Allied Chemical
*
Corporation by reacting sodium azide with chlorine fluoride (ClF). The
physical properties and infrared spectrum of the Aerojet-General product agree
with those reported by Allied Chemical. Dichlorofluoramine was also obtained
by reacting ethyl N-fluorocarbomate with sodium hypochlorite:
HNF’COOCaﬂ5 + Ha0Cl —— ) 012NF + €O,
N-Fluoriminodicarboxylete also reacted with aqueous sodium
. hypccihlorite to give dichlorofluoramine:

NF(cooC + Na0Cl ——— " C1NF + CO

sz 2
Similer recctions might be used to prepare other nitrogen nnlides.
Attempts to nrepare N-chloro-N-fluoroctiyl amine by the

rexctions of ethyl N-fluoro-N-methylcarbdmate with agueous sodium hypochlorite,
ot O-SOC or ct 35°C, were unsuccessful. The starting material ves recovered.

RNFCOOR' + NadCl ——#——3 RNFC1 + 002 + R'OH

*Allied Chemical Corporation, General Chemical Division, Quarterly Progress
Report, April-June 1960, Contrzct No. DA-30-069-0RD-26%8 (Confidential).
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Since the fluorination of aqueous carbamates gave a mixture of
the monofluoro derivative and difluoramine, it appears the difluorocarbamates are
hydrolytically unstable. The fluorination of n-butylcarbamate was therefore
carried out in ethylene dichloride to prepare N,N-difluorocarbamate in ca. LoS;
yleld. The infrared spectrum (Figure 10) and elemental ~nalysis confirmed the
structure. The infrared spectrum ol n-butyl N-fluoroc~riomate is shown in
Figure 11. An attempt to prevare ethyl N,N-difluorocarbamate by this method
resulted in difficulties because the product apparently bvoils at about the

same temperature as the solvent.

The expected hydrolytic instability of butyl N,N-difluorocar-
bamate vas confirmed in a reaction with water at 50-5000 to yield difluoramine

and carbon dioxide:

+ CO2 + ChH OH

NFECOOChH 9

+ H20 —— HNF

9 2

Aliyl N, N-difluorocarbemates might therefore be used a4 intermedintes for the
production of difluoramine, Carbon dioxide-free difluoramine could possibly .’
be obtained by reacting N, N-difluorocarbamates with alcohols.

n-butyl N,N-difluo;orcarbamate'was'found to react rendily °
with agueous sodium hypochlorite to give chlorodifluoramine: )

NFECOOChH9 4+ MNa0Cl ————> ClNF2,+ ChHgocooNa .

The infrared spectrum indicated a high-purity product, not contaminated by
carbon dioxide or tetrafluoronydrazine. This reaction offers a simple route
to chlorodifluoramine.

2. Experimental
a. Preporation of Ethyl N-Fluorocarbamate

A solution of 270 g ethyl carbemcte (3.0 moles) in .

3000 ml HEO was fluorinated at O-5°C with elementary fluorine (diluted with

nitrogen, 1l:4) until ca. 80 liters of fluorine gas was absorbed (7.0°hr). The
L ]
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clear and colorlgss aqueous solution was extracted with 15 250-ml portions of
methylene chloride and the combined extracts were dried over Drierite. The solu-
tion was filtered and the clear filtrate was concentrated at 20-50°C and 20-25
mn Hg oressure to remove the solvent, The residue, a pale-yellow liquid, was
fractionated at reduced pressure to give 75 g of colorless liquid, bp 30°¢/0.1-
0.3 m, n§5 1.3950. This material was identified as pure ethyl N-fluorocarbamate
by comporing its infrared spectrum and refractive index with those of a known
semple. ’

The distillation residue, amounting to 150 g, consisted
of a ﬁiyture of ethyl carbamate and ethyl N-fluorocarbomote., Attempts to remove
the lotter by further distillation gave liquid fractions of higher refractive
index than that of ethyl N-fluorocarbamate. No attempts have been made to deter-
mine how much of the product remained in the residue.

A sample of the residue was dissolved at 0-5 OC in exces
aqueous 20% sodium hydroxide and the solution was extracted several times with
methylene chloride solution. The alkaline aqueous solution was acidified with
hydrochloric acid at O-SOC and the mixture extracted with methylene chloride.
Pure ethyl N-fluorocarbamate was isolated.fgbm this solution.

b. Fluorination of Ethyl Carbamatc in Ethylene Chloride

Solution

A solution of 8.9 g ethyl carbamate (0.1 mole) in 350 ml
ethylene chloride was fluorinated with elementary fluorine diluted with nitrogen
(1:5) at -20 to -25°C until 4.5 liters of fluorine gas was passed into the
reaction mixture. The solution remained clear and colorless throughout the run
and the fluorine was consumed. On distillation of the reaction mixture, it was
found that the product co-distills with the solvent. The infrared spectrum of
the solution indicated that the expected product was produced. No further
attempts have been made to isclate the product.
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c. Fluorination of n-Butylcarbamate in Ethylene Chloride

Solution

A solution of 9.k g n-butylcarbamte (0.08 mole) in
350 ml dry ethylene chloride was fluorinated with elementary fluorine diluted
with nitrogen (1:5) at -10°C until 3.5-4.0 liters of fluorine gas was passed into
the reaction mixture. At the end of the run, the clear, colorless solution was
concentrated to remove the solvent and the pale yellow residue was distilled at
reduced pressure to yield 6 g of colorless liquid, by 60-65°C/20-25 mm, ngs
1.3780. 'The material was redistilled and e middle cut, ngs 1.3710, was submitted
for igfrared and elementary analyses.’ The infrared spectrum showed s?rong .
carbonyl absorption, several peaks'in the NF region (10-12 u), and absehce of
NH absorption at 2,6-3.2 u. '

Calculated for CSH9F 02:
C, 59.22; W, 5.92; F, 24.82; N, 9.14

Found : " ¢;-39.70; H, 6.45; F, 21.40; N, 9.16.

d. Preparation of n-Butyl N-fluorocarbhmute

‘A solution (partially in suspehsion) of 12 g n-butyl

cerbamate (0.1 mole) in 650 ml water was fluorinated vith elementary fluorine

dfluted with nitrogen (1:4) at 0-5°C until 4.5-5.0 liters of fluorine ges vas

. passed into the reaction mixture. Oxidizing gases were evolved from the

reaction mixture during the course of fluorination. A£ %hé "end of She run the
aguecus reaction mixture was extracéed with five 50-ml portions of methylene
chloride. The combined extracts were dried over Drierite and filtered, and
the clear filtrate was concentrated. The residue, a colorless liquid, was
fractionated, and after removal of 0.75 g of n-butanol, ca. 0.5 g of a color-

less liquid, ngs 1.4130, was isolated and identified as n-butyl N-fluorocarbamote.
Calculated for NHICOOChH9:CSHloFN02:
c, bl uh; H, 7.46; F, 14.06; N, 10.37

Found : c, hh.90; H, 7.44; F, 18.k0; W, 10.00.
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e, Preparation of Ethyl N-Fluoro-N-Methylcarbamate
(1) Direct Fluorination of Ethyl N-Methylcarbamate

A solution of 26 g ethyl N-methylcarbamate
€0.25 mple) in 350 ml’ H20 was fluorinated with elementary fluorine diluted with
nitrogen (1:4) at O- s°C until ce. 11 liters of fluorine gas was passed into the
reaction mixture. The reaction mixture was extracted with ten 75-ml portions
of methylene chloride .and the combined 'ex%racts were dried over Drierite. The
filteted solution was concen.trated and the residue distilled to give 16 g of
pale yellow liquid, bp TO-T3 C/lOO nm, and 3 g of a colorless liquid, bp
83-85 c/0.1-0. 3 mn, :

The material of the- first fraction was fractionated
to give 3.0 g of yellow liquid, bp 60-74°¢/100 tm, n.D 1.3941, The remaining
product was found to be mainly ethyl methylcar'bamte. The fraction n.D 1.3941
vas redistilled and the middle cut, bp 50°C/10 mm, n.D 1.5869, was taken fcr in-
frared ond elemental analyses. The infrared spectrum showed the absence of HH
abs:orption at 2.8-3.4 u, strong carbonyl, and several absorption bands in the
NF region (10-12 u).

Calculated for cuﬂamo2 (m.w. 121.11):
c, 59.67; H, 6.66; N, 11.57; F, 15.69

Found: C, 39.10; H, 6.62; N, 11.97; F, 15.20.

(2) Methylation of the Sodium Salt of Ethyl

lN-Fluorocarbamate

The reaction was carried out in a 50-ml three-necked
round-bottomed flask equipped vith a stirrer, thermometer, and dropping funnel.
A solution of 3.4 g sodium hydroxide (0.085 mole) in 20 ml water wos placéd in
the flask. The solution was cooled to O-SOC by means of an ice-water bath.
To this alkaline solution was added dropwise from the drovping funnel, with
stirring and cooling, 8.6 g ethyl N-fluorccarbamate (0.08 mole) over a period
of 10 minutes. To the resulting solution of the sodium salt of ethyl
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N-fluorocarbamate 5.05 g dimethylsulfate (0.04 mole) was added dropwise. The
reaction was slow but exothermic, and the temperature of the nixture was kept
at 5-10°C for a perdod of 60-70 min. A white solid (sodium sulfate) end pale-
yellov oil separated during the course of the reaction. The reaction mixture
was extracted with three 25-ml portions of methylene chloride and the combined
extroots were dried over Drierite. The filtered solution was concentrated and
the residue was dlstilled to give 4.5 g of pale yellow liguid, bp 20-22°C/0.5-

1.0 m, n%s 1.3900. The infrored spectrum of this nqteriul was identical to that
of ethyl N-fluoro-N-methylcarbamate. ST . .

£.  Preparstion of Ethyl N-Chloro-N-Fluorocarbamate

This reaction was carried out in a 100-ml three-neoked'
round-bottomed flask equipped with a §t1rrer and gas inlet end outlet tubes.
The sodium salt of ethyl N-fluorocarbamate was prepa.red by dissolving b, 3 g
ethyl N-fluorocarbamaote (0.04 mole) in a solution’of 1. 6 g sodium hydroxide -
(0.0k mole) in 25 ml water at O- 5°C. The solution, together with 25 ml methylene
chloride, was placed into the reaction flask. Chlorine gas was passed into’the °
cold (0-5°C), vigorously stirred mixture over a period of 45-60 min. At the )
end of the run the reaction mixture was allowed to wa.z:m to room tempereture, the
phases were separated, and the aqueous solution was' extracted with two 25-ml
portions of methylene chloride. The nmethylene chloride solution and the extracts
were corbined, dried over Drierite, and filtered. The filtrate was concentrated
and the pale-yellow 1iquid residue was distilled to give 3.2 g of a colorless
liquid, ©p 30 40°c/20 mm, and 1.1 g of a pale-yellow liquid, bp 50-60 c/0.2-
0.3 mm. The lower-boiling product apparently containing some residual solvent ..
wes Tractionated. After removal of a forerun, a water-clear colorless liquid
was obtained, bp 45°C/60-70 m, ngs 1.4015. The infrared spectrum of this
material showed absence of an INH absorption peak, strong cerbonyl, and several

absorption peaks in the NF region (10-12 u).

¥ commercial chlorine wes condensed at -80°C until 1.82 ml of liquid was
collected. This amount of liquid chlorine corresponds to 0.04 mole of the
material. The liquid chlorine was allowed to evaporate and was passed
into ‘cne reaction mixture by means of the gas inlet tube.

L]
e
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Calculated for c3H501mo (m.w. 141.54)
C, 25.46; H, 3.56; N, 9.90; F, 13.k2
Found: C, 26.80; H, 3.50; N, §.76; F, 11.69.
g. Preparation of Ethyl N-Bromo-N-Fluorocarbamate

To a mixture of O. Ok mole of sodium salt of ethyl

* . N-fluorocarbamate in 15 ml water and 50 ml tetrachloride was a.dded dropwise,

witlr vigorous stirring at 0-5 C, elementary bromine until the bromine color was
no longer observed. The reaction was completed in 10 min., The phases were

_separated and the aqueous phase vas extracted with three 30-ml portions of

carbon tetrachloride. The earbon tetrachloride solution end extractg were
combined, dried,” and filtered. The orangesyellow clear filtrate was concen- )
trated to remove the solvent and the orange-red liquid residue was distilled
to glve'6.0 g of orange-yellow liquid, bp 30 C/O 1-0.3 mm, nD 1. M&25 The

"meterial was redistilled and the middle cut, bp 30°C/0.1-0.3 mm, nD 1.hb21,

was talken for infrared and elementa.l ocnalyses. The infrared spectrum.of the

: product was found to be almost identica.l with that’ of gthyl N.-chioro-'N-

Calculated for c HSBrFNO .(m.w. 185,99)
C, 19.36; H, 2.71; N, 7.55; Br, 42.96; F, 10.20

Found: .  C, 20.00; K, 2.43; N, 7.60; Br, 45.00; F,. 10.7C.

h.. Preparation of N-Fiuoroiminodico.rboxylate

(1) From Sodium Ethyl N-Fluorocarbamate and
Chloroethylformate

. The sodium salt of ethyl N-fluorocarbamete was
prepored by dissolving, at 0-5°C, 5.4 g ethyl N-fluorocarbamate (0.05 mole) in
n solution of 2.0 g sodium hydroxide (0.05 mole) in 50 ml H20. The solution
was placed in a 100-ml round-bottomed three-necked flesk equipped with a
dropping funnel, thermometer, and stirrer. To the vigorously stirred solution
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wes added from the dropping funnel, at 5-10 C 5.4 g ethyl chloroformate

(0.05 mole) over a period of 10 min. The reaction was mildly exothermic and

a pale-yellow oil separated gradually as the reaction progressed. After the
addition of the ethyl chloroformate, the mixture was stirred for an additional
10 min. The mixture was extracted with two 25-ml portions of methylene chloride.
The combined extracts were dried over Drierite and filtered, and the clear fil-
trate was conceutrated to remove the solvent. The residue, & pale-yellow 1iquid,
8. 5 g, was fractionated to give 6.5 g of yellow liquid, bp 53- -58°¢/0.1-0.3 mm,

nD 1.1140, and 1.0 g of a colorless liquid, bp 80-85°c/0.1-0.3 mm, By 25 1.4250.
The lower-boiling liquid was redistilled and niddle cut, bp 55 °c/0.1-0.3 mm, D25

1.4145, (3.0 g) was submitted for infrared and elemental analyses.
Calculated for NF(C00C2H5) a‘:t:ﬁnmr'noh:
_C, ko.22; H, 5.63; F, 10.61; N, 7.82

Fownd: ¢, b0.25; H, 5.75; F, 10.90; N, T.72.

(2) From Sodium Ethyl N-Fluorocarbamate and Ethyl
E N-Bromo-N-fluorocarbamate

The sodium salt of ethyl N-fluorocarbamate was
prepared by dissolving 1.0 g ethyl N-fluorocarbamate (0 0093 mole) in 15 ml
woter containing 0.24 g sodiwn hydroxide (O. 006 mole) From o dropping funnel,
0.9 g ethyl N-bromo-N-fluorocarbamate (0.0048 mole) at 0-5 C was added, with
stirring over a period of 5-10 min. The reaction mixture was stirred for 10 min,
and at the end of the run the yellow oil was extracted with two 10-ml portions
of methylene chloride. The corbined extracts were dried over Drierite and
f1ltered, and the cleer filtrate was concentrated to remove the solvent. The
yellow liquid residue was distilled to give 1.0 g yellow liquid, by 35-&5 c/0.1-
0.3 1, nD 1.4165. The material was redistilled and o middle cut,
bp 45-47 °¢/0.1 mm, nD 1.4138, was collected. The infrared spectrum of the
material was found to be identical to that of N-fluoroimino-dicarboxylate.

An error was made in the calculations and an excess of N-fluorocarbamote was
used in the preparation of the salt.
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(3) From Sodium N-Fluorocarbamate and
Dichlorofluoramine

The sodium salt of ethyl N-fluorocarbamate was
prepared by dissolving 4.0 g ethyl N-fluorocarbamate (0.0374 mole) at O- 5%
in 30 ml water containing 1.5 g sodium hydroxide (0.03T4 mole). The solution
was placed in a 50-ml round-bottomed three-necked flask equipped with a stirrer
and gas inlet and outlet tubes. Into the vigorously stirred solution (0'-5°C)
was nassed via gas-inlet tube approximately 2 g of dichlorofluoramine over a -
period of 30 min. The reactor was connected in series with an evacuated infrared
ges cell and a -80°C trap. The gaseous materials escaping from the reactor
were found (infrared spectrum) to be a mixture of carbon dioxide, nitrous oxide,
and dichlorofluoramine. Approximately 0.5 ml of the mixture, containing mnin]ly
unreacted dichlorofluoramine, was found in the -80°C trap of the end of the fun.

At the end of the run the reaction mixture’ contained
1 to 2 ml of a heavy yellow oil which wns extracted with three 10-ml portionse
of methylene chloride. The combined extracts were dried over Drierite, filtered,
and concentrated. The residue, yellow 011, was fractiono.ted to give 0.8 g of
yellow liquid bn 50-52 °c/0.2 rm, pD 1.l1bko, 'I'he JAnfrared spectrum of this
material wes found to be identical in all respects with that of .N-fluoroimino-

. dicarbo.:ylate 3 @

(4)° side Product in Chlorination of Sodium
. H-Fluorocarbamnte .,

The .side product obtained in chlorination of the
sodium salt of ethyl N-fluorocarbamate, bp 50-6000/0.2-0.3 mm, was subsequently
identified ns N-fluoriminodicarboxylate by com;;aring its infrared spectrum with
that of an authentic sample.

i. Nitration of Lthyl N-Fluorocarvamate

To a solution of 2.7 g ethyl N-fluorocarbamate (0.025
mele) in 15 ml concentrated sulfuric acid at 0-‘5O C wns added, with vigorous
stirring, from a dropping funnel, 2.3 g ethyl nitrate (0.025 mole), over a

period of 30 min. The reactor was connected in series with an evacvated infrared
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gas cell. The reaction was very vigorous and large amounts of gaseous products

wvere evolved. Infrared spectrum showed that the gaseous products were a mixture
of carbon dioxide and nitrous oxide. No nonvolatile products of any kind could

be isolated from the reaction mixture.

J. Decomposition of Aqueous Sodium Ethyl N-Fluorocarbamate

Into a 50-ml three-necked round-bottomed flask equipped
with a dropping funnel, a stirrer, and a gas-outlet tube was placed a solution
of 1.0 g sodium hydroxide (0.025mole)in Oml of water. The reactor was connected in
series with an evacuated infrared gas cell and a -80°C trep. To the cold
(0-5°C), vigorously stirred solution wes added from the dropping funnel 2.7 g
ethyl N-fluorocarbarate (0.025 mole) over a period of 2 to 3 min., The reaction
mixture was allowed to warm up to 20-25°C, at which temperature a slow gas
evolution began., The decomposif.ion wes 8low at this temperature, and after
£5-30 min the mixture wvas heated up to 45-50°C and kept ot this temperature for
an addition~l 60 min, at which time the reaction was cormpleted. The gaseous
products escaping from the reaction mixture during the course of decomposition
were found (by infrared spectrun) to be a mixture of carbon dioxide and some
ethylene. q

At the end of the run the reaction mixture contained some
yellow water-insoluble oil and some white solid. The 30lid was removed by filtra-
tion and washed with methylene chloride., The solid was subsequently washed with
cold water and with acetone. This solid was identified as sodium fluqride by
comparing 1its infrared spectrunm (KBr pellet) with that of an nuthentic sample.

The aqueous filtrate was extracted with five 20-ml
portions of methylene chloride. The extracts were combined with methylene
chloride washings, dried over Drierite, filtered, and concentrated. The yellow
1liquid residue was distilled to give 1.0 g of a colorless liquid, bp 95-10500/0.1-
0.5 mm, n§5 1.4320, The infrared spectrum of this material indicates that the
compound is a carbamate. Particl elementel analysis showed the presence of

10.4 nitrogen.
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. k. Atterpted Preparation of 1-Fluoronaphthalene

To a suspension of 3.85 g naphthalene (0.03 mole) in
15 ml concentrated sulfuric acid was added, at O-SOC, 3.2 g ethyl N-fluoro-
carbarmte (0.03 mole) from a dropping funnel. The reaction mixture turned
sonewhat dark in color, but no reaction was observed at this temperature. The
mixture was heated up to hSOC, ot which temperature the solid naphthalene
disappeared in ca. 60 min and solid-deposited on cooling. The mixture was
poured on ice and diluted to 200 ml with water. A clear solution resulted,
indicating that the expected 1-fluoronaphthelene was not oresent. The aqueous
solution possessed strong oxidizing properties, suggesting that unreacted ethyl
N-fluorocarbamate was present. The solution was extracted with five 25-ml por-
tions of methylene chlcride and on working up the solution, ethyl N-fluoro-
carbamate: vas isolated 1nd identified.

1. Attemnted Preparntion of N, N-Difluoroacetqmide

A mixture of 0.6 g acetamide (0.01 mole) and 27 g
ethyl N-fluorocarbamate (0.025 mole) wos hented to 85-95°C and kept at this
tempcratdre for a period of 3 hr:, Smoll amounts of gaseous products were
evolved during the course of the rea.ction and the gaseous products were identified
by infrared opectrum, as a miyture of carbon dioxide, nitrous oxide, and some
ethylene. At the cmd of the rui, ‘rost of the ethyl N-fluorocarbamate wes
recovered, Small amounts of unfdentified yellow oil were nlso present in the
renction mixtdre. No trace of the expected N,N-difluoroacetamide could be
detected in the reesction producté.

m. Preperation of Dichlorofluoramine from

N-Fluorolminodicarboxylate

To 20 ml sodium hypochlorite (Clorox - 5.3% aqueous scd-
ium inpochlorite) at O-5°C was added with vigorous stirring 0.9 g N-fluoroimino-
dicarboxylate. The reactor was connected in series with 2 -80°% trap. After
15 min the reaction mixture was warmed to 15-2000 and kept at this temperature
for a period of 30 min, at which time the gas evolution was completed. At the
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end qf the run 0.2-0.3 ml of a low-boiling pale-yellow liquid was present in the
-80°c trap. A sample of the material was submitted for infrared analysis in a
gas cell. The infrared spectrum of the material was identical with that of
dichlorofluoramine (absorption peaks at 12 and 12.2 ). The material was con-
taminated with carbon dioxide and nitrous oxide.
n. Attempted Fluorination of Napithalene with N-Fluoroimino-

dicarboxylate

A mixture of 1.28 g naphthalene (0.01 mole) and 1.8 g
N-fluoroininodicarboxylate (0.01 mole) was heated to 90-95°C and kept at thig
temperature for a period of 7 ir. No reaction occurred wnder these conditions,

. and or cooling to room tempereture the unreacted navithalene crysﬁallized out

from the reaction mixture.
0.  Preparation of Dichlorofluoramine
@) From Ethyl N-Fluorocarbamate

To 150 ml sodium hypochlor&te, Clorox, in a
250-r three-necked round-bottomed flask equippeé with = stirrer, qropping_
funnel, and gas-outlet tube was added at O.SOC over o period of 20-25 min,.
5.4 g ethyl N-fluorocarbamate (0.05 mole). The reactor was connectéd with a
-80°% tr&p to condense volatile materials escaping duriné the course of the
reactfon. At the end of the run 0.3 ml of yellow liquid was in the -80%
trap, and there were larger amounts of the heavy yellow liquid on the bottom of
the reaction flask. UWhen the reaction mixture was allowed to warm up to 25°C,
the yellow product distilled into the -80°C trap and ca. 1.7-1.8 ml of the
materinl accurmlated. The crude product was purified Ly trap-to-trap distilla-
tion and 1,7 ml was collectéd in a -20°C trap. A sarple of the material was
subnitied for infrared analysis. The spectrum showed two very strong absorption
veaks ot 12,0 and 12,2 p. Carbon dioxide was also present in the sample.

(2) From Ethyl N-Chloro-N-fluorocarbamate

Using an apparatus similer to that described above,

0.7 g of 2thyl Nechloro-N-fluorocartamate was added dropwise over a period of
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5 min to 20 ml sodium hypochlorite (Clorox) at 0-5°C. At the end of the run,
0.25 i1 of yellow liquid sccumlated in the -80% trap. The infrared spectrum
of this material was found to be identical in all respects with that of
diehlorofluoremine pregared from ethyl N-fluorocarbamate.

P. Hydrolysis of n-Butyl N,N-Difluorocarbamate

. To 10 ml water in 2 25-ml three-necked round-bottomed
flask equipped with e ’'stirrer, a,drcpping funnel, and a gas-outlet tube
connected to a -80°C trap 1.5 g n-butyl N,N-difluorocarbarate at 0-5°C was
added dropwise. No reagtion took .place at this temperature. After a few
ninutes the mixture was warmed to 50-55 c and kept 2t this temperature for a
period of 20 min. During the warmup, the "reaction mixture evolved oxidizing,

.gaseous material which condenaed in the -80° trap in the form of a colorless
.liquid. ,Only ca. O, 1 ml of the 1iouid was collected. A sample of the liquid

wag 2llowed to evaporate 1nto an evacuated infrared gas cell and an infrared
snectrum of the gaSeous material wvas recorded. The svectrunm was found to be
identical in 21l respects with that of difluoramine, except that the materinl

‘was conteminated with carbon’ dioxide.

q. Preparation of Chlorodifluoranine from n-Butyl

N, N-Difluorocarbamate

To 20 1 of 5.3% nqueous sodium hypochlorite (Clorox,
pH 10-10.5), 0.3 g n-butyl N,N-difluorocarbamate was added, at 0-5°€, with
vigorous stirring. The reactor was connected in series with.an evacunted
irfrared ges cell to collect gaseous products eseaping from the reactor. After
15 min the reaction mixture was wnrmed to 30-3506 and o swple of gaseous
raterial escaping from the reactor was subjected to Infrared analysis. The
infrared spectrum of the product was found to be identical to that of chlcqg-
difluoramine. No other absorption peaks except those reported for chloro- :\i

diflvoramine were present in the infrared spectrum,
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T, Attempted Preparation of N-Chloromethylfluoramine

Ethyl N-fluoro-N-methylcarbamate (1.2 g) was added, with
vigorous stirring, to 30 ml 5.3% aqueous sodium hypochlorite at 0-5°C. The
reactor was connected in series with on evacuated infrared gas cell and a -80°%
trap. No reaction occurred at 0-5°C. After 15 min the reaction mixture was
heated to 40-45°C and kept at this temperature for a period of 1.5 hr. Again,
no reaction of any kind was observed. At the end of the run the mixture was
cooled to 20-2500 and extracted with methylene chloride. On working up the
solution, ethyl N-fluoro-N-methylcarbamate was isolnted and identified by
comparing its infrared spectrum with that of an authentic sample.

C. AQUEOUS FLUORINATION (V. Grakauskas)
il Discussion

Direct fluorination of aqueous urea to N,N-difluoreurea ond
hydrolysis of the latter to the difluoramine were discovered at Aerojet-Genefil
more than a year ago.* Since that time, this process hes been found quite
useful in preparing difluoramine. The increasing importence of N,N-difluorourea
as en intermediate for the preparation of difluoramine erphosizes the need for_
more information concerning the details of the reaction.

The fluorination of urea is run routinely in L-mole batches.
In several cases, for reasons not yet completely understood, the otherwise
clear ond ecolorless aqueous solution became yellow and turbid during the course
of fluorination and, at the end of the run, deposited small amounts of yellow
solid. A similar reaction was also noticed when the incomletely fluorinated

aqueous difluorourez solution was alloved to nge.

In one experiment, the yellow solid was isolated by filtering
the cloudy agueous diflucrourea solution at the end of the fluorination. This
solid was identified as biurea by comparison with an authentic sample. From the
squeous solution from which this product was recrystallized, 2 second material

was also found, which was identified os azodicarbodiamide.

¥
High-Fnergy Oxidizer Binders for Solid Propellants, Aerojet-General Report
No. 0571-02-2, July 1960 (Confidential).
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The formation of biurea during the fluorination of urea suggests
that monofluorourea, intermediate in the fluorination, reacts with urea to yield -
the product:

NH,CONHF + NH,CON, ———— { NHCONH,), + HF
It is not cleer why this side reaction occurred in only a few of the rums,
although the coupling might be catalyzed by sunlight.

The direct Tluorination of aqueous phenyl- or o-tolylurea was
deserived in the previous quarterly report.* Tt was found that in both cases
the same volatile liquid is produced. This material wgs found to contain four
major components, cne of which is present in ég; 70% concentration.

This component was also formed when an aqueous solution of
difluorourer, hydrofiﬁoric acid, and benzbquinone°was 2lloved to stand at room
temperature. To check the bossibility that difluoramine, the hydrolysis product
of N,ll-difluorouree, wgs involved, a mixture of benzoquinone and aqueous
difluoramine was kept at 20-25 °c for a period of four days. No volatile reaction
oroducts vere obtained alfhough this observation, based on one experiment, is

not conclusive.

The structure of this compound is not yet lmown. The molecwlar
weight by vapor densitj, extrapolated to zero pressurc, VoS determined to be
130. The NMR spectrum shovcd fluorine, but no hydrogen. The sample size,
however, was too smll to give a well-defined F19 spectrum.

Attempts have been made to decompose the compound with either
concentrated sulfuric acid or concentrated aqueous sodium hydroxide. In both
cases no recction took place even after prolonged standing ot Ls5. 55 C. The

starting material was recovered.

*
herojet-General Report No. 0235-01-10, 14 April 1961, p. 18 (Confidential)
¥

Dr. D. . Moore, Neval Ordnonce Test Station, China Lake.
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2. Experimental

a. Attempted Hydrolysis of the Unlmown Reacfion Product
of o-Tolylurea Fluorination

(1) Acid Hydrolysis

Ten ml of concentrated sulfuric acid was placed
in a 50-ml three-necked round-bottomed flask equipped with a stirrer, gas-outlet
tube, and dry ice-acetone reflux condenser., The top of the condenser was
connected in series with o -80°C trap. To the vigorously stirred sulfuric acid
0.6 nl of low-boiling 1iquid (bp 24°C) obtained in direct fluorination of
aqueous o-tolylurea was introduced at O-5°C. No reaction was observed at O-SOC
and the mixture was warmed gradually to 40-45°C and Xept at this temperature for
a period of 2 hr. No gaseous products were produced during the course of this
reaction (no pressure buildup) and the -80°C trep remained empty. At the end
of the run, the dry ice-acetone condenser was allowed to varm up and the volatile
materiale was distilled and accwmlated in the -80°C tran. The volatile liquid
wes identified as starting material by infrared spectrum and amodhtgd to 0.5 ml,

(2) Alkaline Hydrolysis

Using the apparatus described above, O.U ml of the
material was added to & solution of h.s g sodi&m’hydro#ide 1n:10 nl HéQ-at
O-SOC. No reaction occurred at this temperature; and the mixture was .allowed
to warm to SSOC, and was kept at this temperature for a period 6f 1 hr., At the
end ol the run the starting material was recovered quantitatively and identified
by infrared spectrum.

b. Reaction Between Benzoquinone and Difluorourea:

To a suspension of 11 g recrystallized benzoquincne
(0.1 mole) in 200 ml H 0 was added, with sti;ring, 300 ml aqueous difluorourea
(0.3-0.4 mole difluorourea and approximately 0.6-0.8 mole hydrofluoric acid)
at 0-5°C. The reactor was connected in series with a -80°C trap. No visible
changes occurred when the recction mixture was allowed to stand for o period of
30 min. At this time, the cooling was halted and the reaction mixture was
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alloved to warm to 25-3000. At this temperature, some gaseous materials began
to escape and the reactor contents turned progressively darker in color. The
reaction mixture was allowed to stand overnight at room temperature. During
this time 0.2-0.3 ml of & volatile colorless liquid accumilated in the -80°C
trap. A sample of the product was submitted for infrared analysis and the
spectrum was found to be identical with that of the product obtained from direct
fluorination of aqueous o-tolylurea.

D. REACTION OF DICHLOROFLUORAMINE WITH TETRAFLUORCHYDRAZINE
(P. M. Tloff)

l. Discussion

The reaction of dichlorofluoramine with tetrafluorohydrazine
wes cttempted, with the objective of preparing chloiotrifluorchydrazine, a
potentially valuable intermediate. A reac%ion took place readily at OOC, when
dichlorofluoramine was treated with excess tetrafluorohydrazine. The dichloro-
fluorcmine was consumed, and a new material with approximately the same boiling
point wes formed. However, this material decomposed completely after several
hours at room temperature, with the formation of chlorine, N2F2, and products of

attacl: on glass.

The boiling noint, spectral properties, ond decomposition
products of this material are in line with those expected for chlorotrifluoro-
hydrizine. However, the observed instability indicates considerable difficulty
in synthetic application. Dichlorofluoramine was found to be relntively stable

under the conditions in the above reaction.
2. ggperimental
a. Reaction of Dichlorofluoremine with Tetrafluorohydrazine

A 1-liter Pyrex bulb was charged with Nth (16.5 rmoles)
and CLIF (2.97 moles) at -196°C. The bulb was then kept at 0°C for 5.75 hr.
The ~as was then passed 8lowly through a -80°% U-trap but nothing wos stopﬁed in
the trap. The mixture was passed twice through o -126°¢ trap. The fraction that,
passed through, 16.5 mmoles, was shown to be mostly NQFh wvith sone CINF2 by
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infrored absorption. The fraction held by the -126°¢c t;ap did not contain any
C1NF (infrared). It was passed through a -112°C trap twice and the mterial
held at -112°C was removed immediately after each pass. The fraction held at
-112°C vas 1.25 mmoles of gas, consisting of NOC1 and SiF) and negligivle
chlorine as indicated by infrared and ultraviolet absorption spectra. The
fraction which passed through a +112°C trap (but was held at -126°¢) consisted
of 1.94 mmoles of gas. Infrared and ulitraviolet spectra were taken at this
time and after sbout three hours. The amount of chlorine (UV max. 335) increased,
wherecs infrared absorption bonds initielly present at 12.8 end 13.05 p dis-
appeared, and absorption bands between 10.3 a.nd.ll.o j decreased considerably.
The infrared now showed definitely only the bands attributed to SiF), Neoh, and
both the active and inactive forms of NeFe. The infrared cell used contained

a glass stem which was attaciced by the contents of the cell. There was no

gvidence of formation of a non-condensable.

b, Stability of C1NF

Tt was desired to f£ind out if any‘decomposition of
CIZNF would occur under the conditions of the above reaction. Thus, 3.06 mroles
of C121~!F vas held in a Pyrex bulb at 0°c for 5 hr 35 min and then 2.67 mmoles °

_of ‘gas was recovered. This gas was shown to be nearly pure ClzNF with only

traces -Of.-NeOh and SiFh, as shown by infrared absorption.
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